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Epitome 

(57) [Abstract] 

[Technical problem] A power converter with the high dependability in which control of switching surge voltage, 
and reduction and its electric shielding of a RF noise are possible is offered. 

[Means for Solution] a wiring substrate — a main circuit — two or more forward side main circuit direct 
currents which consist of copper foil within a wiring substrate in the power converter which had the conductor 
constituted — a conductor — P and two or more negative side main circuit direct currents — a conductor — 
a high dielectric constant insulating layer is intervened in N — making — alternation — piling up — two or 
more forward side main circuits — a conductor — the main circuit of comrades and a negative side — a 
conductor — the power converter which connected comrades electrically, respectively. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the semiconductor power converter which wiring of a main circuit is constituted by the patchboard 
which carried out the laminating to the multilayer, and changes power between an alternating current and a 
direct current — setting — the inside of said patchboard — the direct-current main circuit of the 
positive/negative of said power converter — a conductor — respectively — two or more — having — the 
direct-current main circuit of these positive/negative — while carrying out the laminating of the conductor by 
turns on both sides of an insulating layer — the main circuit of two or more of said positive/negative — a 
conductor — the power converter characterized by connecting comrades electrically, respectively. 
[Claim 2] In the power converter which wiring of a main circuit is constituted by the patchboard which carried 
out the laminating to the multilayer, and changes power between an alternating current and a direct current 
the inside of said patchboard — the direct-current main circuit of the positive/negative of said power 
converter — a conductor — respectively — two or more — having — the direct-current main circuit of these 
positive/negative — a conductor — an insulating layer — inserting — alternation — a laminating — carrying 
out — the main circuit of two or more of said positive/negative — a conductor, while connecting comrades 
electrically, respectively said main circuit — the power converter characterized by preparing and grounding a 
metal plate on both sides of an insulating layer between conductors. 

[Claim 3] the direct-current main circuit of the positive/negative of said power converter by which the 
laminating was carried out on both sides of the insulating layer in the power converter which wiring of a main 
circuit is constituted by the patchboard which carried out the laminating to the multilayer, and changes power 
between an alternating current and a direct current into said patchboard — conductors and these main 
circuits — the power converter characterized by preparing the metal plate arranged and grounded on both 
sides of the insulating layer between conductors. 

[Claim 4] The power converter characterized by providing the gate drive circuit which drives the solid state 
switch of said power converter on said patchboard in the 1st term among claims 1-3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 
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[Held of the Invention] Wiring of^^ain circuit is constituted by the patchb^^Bwhich carried out the 
laminating to the multilayer, and^Br invention relates to amelioration of the power converter which changes 
power between an alternating current and a direct current. 
[0002] 

[Description of the Prior Art] It is publication-number 7- as a power converter which constituted main circuit 
wiring to the multilayer-interconnection plate conventionally. There is a technique currently indicated by the 
No. 231669 official report this — the positive/negative main circuit by the side of a direct current of a 
converter — a conductor — a substrate rear face and a front face — respectively — preparing — and two- 
layer [ of a substrate inner layer ] — the ac side of a converter — it is the four-layer substrate which 
prepared the conductor, and excessive switching surge voltage is controlled by making current loop area of a 
main circuit small, and making a main circuit inductance small. 

[0003] As other conventional techniques, the laminating of a signal patterned layer and the voltage plane (non- 
ground layer by the side of a direct current) is carried out inside, and the ground layer by the side of the direct 
current which has a shielding effect in front flesh-side both sides is formed as indicated by JP,3-42896 r A. 
[0004] 

[Problem(s) to be Solved by the Invention] In the rectification machine and inverter which are a power 
converter, adoption of IGBT (insulated-gate bipolar transistor) in which high frequency switching is possible, or 
IPM (intelligent power module which contained an IGBT component, its drive circuit, and a protection network) 
has increased for the reduction in the noise. Since an electromagnetic radiation noise also increases while the 
high frequency current flows to a main circuit, conducting a main circuit, flowing out out of a power converter 
and having a bad influence on other devices, when these high frequency switching elements are adopted as a 
power converter, a cure against reduction in the high frequency current and an electromagnetic radiation noise 
is strongly desired more than the time of transistor component adoption. 

[0005] the technique proposed by said JP,7-231669,A — the direct-current side of an inverter — a conductor 
and an ac side — since the conductor has touched through the thin insulating layer — a conduction noise — 
the capacitor effectiveness — a direct-current side main circuit — a conductor and an ac side main circuit — 
a conductor will join together through electrostatic capacity, that is, the direct-current side produced at the 
time of switching of the semiconductor device of an inverter — the high frequency current of a conductor — 
the capacitor effectiveness — an ac side — a conductor — flowing — or — reverse — an ac side — the 
problem that the high frequency current of a conductor flows to a conductor a direct-current side arises. 
[0006] On the other hand with the technique indicated by said JP,3-42896,A Since a signal patterned layer is 
between a voltage plane (direct-current non-ground layer) and a GDN layer (direct-current ground layer) and a 
two-layer insulating layer exists, Since it is next doors between about [ that the high frequency current which 
the capacitor effectiveness between the voltage plane which used the insulating layer as the dielectric, and a 
GND layer is not expected, but flows to a voltage plane is not reduced ], a voltage plane, and a signal 
patterned layer The high frequency current which flows a voltage plane flows to a signal patterned layer by 
using an insulating material as a dielectric, and has the problem of doing a bad influence. 

[0007] The purpose of this invention is to mitigate the effect on the inside of a power converter, and [ by the 
RF noise ] outside. 

[0008] The 2nd purpose of this invention is to offer a power converter with the high dependability which can 

cover an electromagnetic radiation noise. 

[0009] 

[Means for Solving the Problem] the semiconductor power converter which wiring of a main circuit is 
constituted by the patchboard which carried out the laminating to the multilayer the place by which it is 
characterized [ of this invention ], and changes power between an alternating current and a direct current — 
setting — the inside of said patchboard — the direct-current main circuit of the positive/negative of said 
power converter — a conductor — respectively — two or more sheets — having — the direct-current main 
circuit of these positive/negative — while carrying out the laminating of the conductor by turns on both sides 
of an insulating layer — the main circuit of two or more of said positive/negative — a conductor — it is 
having connected comrades electrically, respectively. 

[0010] Thus, while the effect on the inside and outside by the high frequency conduction noise is mitigable by 
constituting, switching surge voltage can also be controlled. 

[001 1] the direct-current main circuit of the positive/negative of the power converter with which the 
laminating of the place by which it is characterized [ of this invention / other ] was carried out on both sides 
of the insulating layer into the patchboard — conductors and these main circuits — it is having prepared the 
metal plate arranged and grounded on both sides of the insulating layer between conductors. 
[001 2] thus, a main circuit — between conductors — a main circuit — by forming the metal plate grounded 
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3tJ^^diation noise cen be covered and contr^^R switching surge voltage can 
r^Ktion of a conduction noise, and reduction of an electromagnetic radiation 



independently, an electromagnet;^ 

be aimed at [ conductor ] with r^Ktion of a conduction noise, and reductior^f an electromagnetic radiation 
noise. 
[0013] 

[Embodiment of the Invention] Hereafter, one example of this invention is explained based on drawing 1 - 
drawing 2 . 

[0014] First, in the main circuit block diagram of drawing 1 , the converter by which alternating current input 
power and 2 were constituted from an input electric wire, and 1 constituted 3 from high-speed solid-state- 
switching components, such as IGBT, and IPM or a power transistor, and in which regenerative control is 
possible, and 3* are the full-wave-rectification converters which can be used instead of the converter 3 in 
which said regenerative control is possible. 

[0015] R, S, and T are a converter 3 or the alternating current input terminal of each phase of 3', and are 
connected to the input electric wire 2 of each phase. PI is a smoothing capacitor which carries out smooth 
[ of the direct current voltage by which a converter 3 or the forward side direct-current terminal of 3\ and N1 
were rectified with the converter 3 or the negative side direct-current terminal of 3', and 4 was rectified by 
the converter 3 or 3' ]. The resistance to which 5 flows to a smoothing capacitor 4 in early stages of powering 
on and which controls the big charging current very much, and 6 are magnetic contact which short-circuits the 
charging current control resistance 5 after the charge. 

[0016] 7 is the inverter constituted from high-speed solid-state-switching components, such as IGBT, and IPM 
or a power transistor, and changes direct current power into the alternating current power of a variable 
frequency and an adjustable electrical potential difference. P2 is the forward side direct-current terminal of an 
inverter 7, N2 is the negative side direct-current terminal of an inverter 7, and U, V, and W are the alternating 
current terminals of each phase of an inverter 7. 8 is the output AC line cord of an inverter 7, and is 
connected to Motor M. 

[001 7] The current detector with which CTa detects the alternating current input power current of a 
converter, and CTb are current detectors which detect the alternating current output current of an inverter 7. 
9a and 9b are gate drive circuits which drive a converter 3 and an inverter 7, respectively. The output signal of 
the current detector CTa and the output signal of direct-current-voltage detection control circuit 10a are 
returned to a converter side, and the rate AVR control system of high tensile is constituted. That is, it 
calculates with the microcomputer carried in the microcomputer substrate 1 1 , and an PWM control output is 
outputted to gate drive circuit 9a. Moreover, in an inverter side, data processing of a current detector CTb 
output and the rate detector (not shown) output of Motor M is carried out with a microcomputer, and an PWM 
control output is outputted to gate drive circuit 9b according to an ASR control system. 

[0018] 12 — the inside of main circuit wiring — the forward side direct-current main circuit of a thick wire — 
a conductor — P and a negative side direct-current main circuit — a conductor — it is the substrate which 
carried out the inner layer of the N, and said gate drive circuits 9a and 9b and said direct-current-voltage 
detection control circuits 10a and 10b are carried in the component side of this substrate, a main circuit — a 
conductor consists of hundreds of micron thickness, for example, a 1 00-500-micrometer broad copper foil 
pattern, or a copper plate, henceforth, P — a conductor and N — it is called a conductor for short. 
[0019] this P — a conductor and N — a conductor is connected with the direct-current terminal of said 
converter 3 or 3\ a smoothing capacitor 4, the initial charging current control resistance 5, magnetic contact 6, 
and an inverter 7 using thick copper foil. 

[0020] Next, the detailed configuration of the power converter by this invention is explained using drawing 2 . 
this Fig. — a main circuit — four layers of conductors are equipped with the multilayer-interconnection 
substrate which consists of the 2nd page, a component side and a solder side, and the substrate cross section 
of the inverter 7 neighborhood is shown. 

[0021] In drawing 2 , the component side of the wiring substrate 12 carrying the components of the gate drive 
circuits 9a and 9b which stated 12a by drawing 1 , or the direct-current-voltage detection control circuits 10a 
and 10b, and 12b are the solder sides of the wiring substrate 12, and form the circuit pattern of gate drive 
circuits 9a and 9b or the direct-current-voltage detection control circuits 10a and 10b stated to this solder 
side 1 2b and component side 1 2a by said drawing 1 . 

[0022] 13 is a small aperture through hole for soldering the components of the gate drive circuits 9a and 9b 
stated to component side 12a by drawing 1 , or the direct-current-voltage detection control circuits 10a and 
10b. 14 — a main circuit — two P which is a conductor — it is the diameter through hole of macrostomia 
which took a conductor and electrical installation, and the input terminal P2 of an inverter 7 is touched through 

surface putt P2' of component side 12a and solder side 12b — as — preparing — bis binding 15 tight — P 

— electrical installation of a conductor and an input terminal P2 is strengthened. 
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[0023] 16 — a main circuit — t^flN which is conductors i — the diameter t^Rgh hole of macrostomia which 
took a conductor and electrical ^Plllation — it is — P — a conductor — t^^* diameter through hole 14 of 

macrostomia — the same — surface putt N2' — minding — bis 15 — N — electrical installation of the 

input terminal N2 of a conductor and an inverter 7 is strengthened. 1 7 — the alternating current output 

terminal U of an inverter (or V or W) — and — bis through 1 5, it is the solder loess terminal by which 

connection immobilization was carried out, and connects with the wiring substrate 12 with the motor M of said 
drawing 1 through the inverter output electric wire 8. 

[0024] thus — bis 15 — the input/output terminal of main circuit electronic autoparts (a converter 3 or 3', 

a smoothing capacitor 4, inverter 7 grade), and the direct-current positive/negative P and N — while 
connecting a conductor, fixed support of the substrate 12 is carried out. 

[0025] 20 is an insulating layer which consists of an ingredient of a low dielectric constant which constitutes 
the front face (component side 12a and solder side 12b) of a substrate 12. P — a conductor and N — a 
conductor intervenes the insulating layers 30a, 30b, and 30c which consist of an ingredient of a high dielectric 
constant — making — P-N — a conductor — comrades face — as — forming — and P — a conductor and N 
— a conductor — the high dielectric constant material insulating layers 30a, 30b, and 30c — inserting — 
alternation — N — a conductor -P — a conductor -N — a conductor -P — it forms with a conductor, or the 
high dielectric constant material insulating layers 30a, 30b, and 30c — inserting — alternation — P-N-P-N — 
formation arrangement is carried out with a conductor, the main circuit which faces — a conductor — 
thickness t of the high dielectric constant material insulating layers 30a, 30b, and 30c of a between is thin as 
long as pressure-proofing allows, for example, it carries out to about t= 200-500 micrometers in thickness. As 
a high dielectric constant material insulating layer, it is a dielectric constant 10.2. Polytetrafluoroethylene resin 
(PTFE) and the product which compound-ized the ceramic filler are sold. 

[0026] here — P of a certain area S — a conductor and N — a conductor — facing — **** — and P — a 
conductor and N — the electrostatic capacity C in the case of having stuck and formed between conductors 
the insulating material of thickness t which consists of a dielectric constant epsilon is described. 
[0027] 
[Equation 1] 

»asic = E s ... (ssti ) 

[0028] It can be come out and found, and electrostatic capacity (capacitor capacity) is proportional to a 
dielectric constant epsilon and area S, and in inverse proportion to insulating material thickness t as long as 
pressure-proofing allows the high dielectric constant material insulating layers 30a, 30b, and 30c from this — 
thin (it is small (P which prepares and faces — a conductor and N — enlarging area of a conductor — P — 
conductor - quantity dielectric constant material — insulating-layer 30a(or 30b or 30c) -N — a conductor — 
the electrostatic capacity C of a between can be increased.) about thickness t) 

[0029] the main circuit of the shape of a conventional copper bar — in order to obtain the current capacity of 
a conductor — the main circuit of this example — what is necessary is just to make width of face of a 
conductor large saying [ that a conductor width is wide ] — P — a conductor and N — the area which a 
conductor faces — large — it can do — a copper bar-like main circuit — the increment in electrostatic 
capacity is expectable from a conductor. 

[0030] a conductor — saying [ that surface area is large ] — the skin effect (high frequency current a 
conductor phenomenon in which flow only the surface layer of a cross section and a core hardly flows) of the 
high frequency current — also receiving — the inductance of a conductor — small — it can do — further — 
a main circuit — since main circuit current loop area can be lessened very much by carrying out the inner 
layer of the conductor to a wiring substrate, a main circuit inductance can be made very small. 
[0031] on the other hand — high dV/dt at the time of switching of the semiconductor device of a converter 3 
or an inverter 7, and high di/dt — a main circuit — while the current of a very high frequency flows to a 
conductor and this high frequency current flows out out of a power converter, it emits an electromagnetic 
radiation noise within and without a power converter, and it not only has a bad influence on this power 
converter, but has a bad influence on other devices besides a power converter. 

[0032] however — above — each high dielectric constant material insulating layers 30a, 30b, and 30c — up 
and down — P — a conductor and N — forming a conductor and using the multilayer-board-ized wiring 
substrate 1 2 which was made into the capacitor structure which used the insulating layer as the dielectric — a 
main circuit — the current i of the high frequency component which flows to a conductor — P — conductor - 
quantity dielectric constant material — insulating-layer 30a(or 30b or 30c) -N — a conductor — between is 
bypassed and it flows, this time — P — conductor - quantity dielectric constant material — insulating-layer 
30a(30b or 30c) -N — a conductor — while the screen effect arises with the electrostatic capacity C of a 
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between and the high frequency^fcrent i is reduced — a main circuit — th^^Pctromagnetic radiation noise 
emitted from a conductor is alsc^Bmjced. 

[0033] moreover — according to [ although switching surge voltage (big electrical potential difference of the 
letter of a spike) occurs under the effect of the inductance of main circuit wiring when the high-speed solid- 
state-switching component of a converter 3 or an inverter 7 intercepts a current ] the example of drawing 2 - 

- a main circuit — the inductance of a conductor is very small, and since the switching surge voltage produced 
under the effect of an inductance is reduced sharply, it can miniaturize or omit a snubber circuit, moreover, 
this switching surge voltage — a main circuit — since it is absorbed by the electrostatic capacity C formed of 
a conductor and the high dielectric constant material insulating layers 30a, 30b, and 30c, it decreases further. 
[0034] as mentioned above, P of two broad copper foil patterns or a copper plate — a conductor and N — a 
high dielectric constant material insulating layer is intervened in a conductor — making — the order of N-P- 
N-P, alternation, or P-N-P-N — alternation — the thing of main circuit conductor pattern length which it 
forms over the whole surface mostly and is considered as a multilayer-interconnection substrate — simple P - 

- a conductor an insulating layer - N — since the opposed face product of P-N becomes 3 times compared 
with the case of a conductor, electrostatic capacity C increases 3 times, for this reason, a main circuit — 
reduction of the conduction noise of a conductor and the reduction effectiveness of a radiation 
electromagnetic wave noise increase, furthermore, a main circuit — since the inductance of a conductor is 
very small, the increase of depressor effect, converter component, and inverter component of switching surge 
voltage can be protected from electrical-potential-difference destruction. 

[0035] moreover, conductor thickness is large — broad — since the inner layer of the conductor is carried out 
to a wiring substrate, it is not generated but the curvature of a substrate can perform anchoring and 
immobilization in the case of a power converter with a sufficient precision. 

[0036] Drawing 3 explains other one example of this invention. Although the parts of a converter 3 or 3 F and a 
smoothing capacitor 4, and an inverter 7 omitted illustration in drawing 3 and it considered as the sectional 
view of the substrate 1 2 of these parts that are not in order to explain only the main point, about the part of 
these components, it is the same as that of drawing 2 . 

[0037] drawing 3 — setting — G — P by the side of component side 12a, and N — a conductor — P by the 
side of a pair and solder side 1 2b, and N — a conductor — it is the metal plate of the thick aluminum foil 
which the high dielectric constant material insulating layers 30d and 30e were made to intervene in the middle 
of a pair, and was formed in it, or copper foil. It connects electrically by the diameter through hole 14 of 
macrostomia which is not illustrated like said drawing 2 , and two conductors [ P ] are electrically connected 
by two diameter through holes 16 of macrostomia which are not illustrating comrades N conductor, either. 
[0038] in addition — naturally — coming out — although it is — P — a conductor and N — between a 
conductor and the metal plate G, the high dielectric constant material insulating layers 30d and 30e insulate to 
low frequency, and to a RF, the high dielectric constant material insulating layers 30d and 30e work as a 
dielectric, and it joins together electrically through the electrostatic capacity formed in this part the grand 
layer which grounded the metal plate G through the grounding conductor 40 from the small aperture through 
hole 18 — it is — P — a conductor and N — the high frequency current which flows a conductor is missed to 
a ground through the electrostatic capacity and the grounding conductor 40 which are constituted by the high 
dielectric constant material insulating layer. 

[0039] Moreover, the electromagnetic radiation noise produced from converter 3 body and inverter 7 body 
which were prepared in the solder side 12b side of the wiring substrate 12 is covered with the metal plate G of 
the wiring substrate 12 mostly prepared in the whole surface, and the gate drive circuits 9a and 9b (not shown) 
carried in component side 12a and the direct-current-voltage detection control circuits 10a and 10b (not 
shown) of being influenced of an electromagnetic radiation noise are lost 

[0040] thus, the wiring substrate 12 — the input/output terminal (P1, N1, P2, N2 grade) of main circuit 

electronic autoparts (a converter 3 or 3\ a smoothing capacitor 4, inverter 7 grade) — bis a reliable power 

converter can be constituted by carrying out connection fixed support using 15. 

[0041] in addition — said drawing 2 and drawing 3 — the high dielectric constant material insulating layers 30a, 
30b, 30c, 30d, and 30e — the wiring substrate 1 2 — although mostly prepared in the whole surface — P — a 
conductor and N — the same effectiveness can be acquired even if it forms the high dielectric constant 
material insulating layers 30a, 30b, 30c, 30d, and 30e only in the part which has prepared the conductor. 
[0042] furthermore — said drawing 2 and the wiring substrate 1 2 of drawing 3 — a conduction noise and 
radiation — electromagnetism — although the high dielectric constant material insulating layers 30a-30e were 
used in order to raise switching surge voltage depressor effect to reduction of a noise, and a list more, 
insulating layers, such as a glass epoxy resin system used for the general-purpose wiring substrate, may be 
used. 
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icraBBr is used, according to this invention — tne 



[0043] 

[Effect of the Invention] A concSBBr is used, according to this invention — Tfie direct-current main circuit of 
a power converter — broad to a conductor (P by the side of direct-current forward N of a conductor and a 
negative side conductor) — two or more P — a conductor and two or more N — arrangement of a conductor 
is faced — making — the order of P-N-P-N or N-P-N-P — alternation — forming — P conductors each - N 
— by making a high dielectric constant material insulating layer intervene between conductors, and forming in 
a patchboard P-N — a conductor — the increment in the electrostatic capacity of the capacitor structured 
division of a between — planning — a main circuit — there are reduction and effectiveness of making 
switching surge voltage controlling, about the conduction noise by the high frequency current which flows to a 
conductor, moreover, P — a conductor and N — the insulating layer which consists of high dielectric constant 
material is intervened between conductors — making — P and N — when the metal plate which became 
independent of a conductor is prepared, the radiation electromagnetic wave noise produced from the body of a 
converter or the body of an inverter is covered on a metal plate, and the effect on a patchboard loading circuit 
can be controlled. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The main circuit block diagram of the power converter in which one example of this invention is 
shown. 

[Drawing 2] the main circuit which shows one example of this invention — the sectional view of a power 
converter with the wiring substrate which stratified the conductor four times. 

[Drawing 3] The sectional view of a power converter with the wiring substrate in which other examples of this 
invention are shown. 
[Description of Notations] 

a 3 and 3 F — converter and P — direct-current forward side main circuit — a conductor (P conductor) and N — 
direct-current negative side main circuit — a conductor (N conductor) — 4 — A smoothing capacitor, 7 — An 
inverter, 9a, 9b — The gate drive circuit of a converter and an inverter, 10a, 10b — The direct-current- 
voltage detection control circuit of a converter and an inverter, 12 — main circuit — the component side of 
the wiring substrate which inner—layerHzed the conductor, and the 1 2a — wiring substrate 12 — 1 2b [ — The 
insulating layer, G which consist of an ingredient of a quantity dielectric constant / — Metal plate. ] — 14 The 
solder side of the wiring substrate 12, 16 — The diameter through hole of macrostomia, 20 — An insulating 
layer, 30a, 30b, 30c, 30d, 30e which consist of an ingredient of a low dielectric constant 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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